This paper examines changes in the distribution of income and wealth in Finland using Wealth surveys from 1987Wealth surveys from , 1994Wealth surveys from and 1998. The inequality of both disposable income and of gross wealth has increased substantially over the time period covered, as has the dependence of income on wealth, as measured by the conditional non-parametric mean curve. Regression models based on the Gamma distribution suggest that the bulk of the increased inequality stems from increases in residual dispersion and bivariate analysis suggests that the residual correlation of income and wealth has also increased.
Introduction
Like many OECD countries, Finland experienced a surge in income inequality in the 1990s. Although the levels of income inequality are by international standards fairly moderate, inequalityas measured by the Gini coefficient of disposable income -has risen to levels last seen in the early 1970s (see Figure 1 ). Factor income inequality increased substantially over the decades, but this increase decelerated in the second half of the 1990s, when disposable income inequality started to increase. This has led many to seek the reasons for increased inequality in changes in taxes and public sector transfers.
A somewhat different view of inequality trends emerges from studying changes in disposable income decile group means and their components, shown in Figure 2 . The graphs are drawn on a log scale, so that changes in relative inequality can be visually assessed from the slopes of decile group mean incomes, shown in the upper left panel. If the slopes, i.e., the growth rates of income in different parts of the distribution, are similar across all income groups, relative income inequality is unchanged. Higher (lower) growth at the top suggests widening (narrowing) income differences. The richest decile group saw its income increase very much faster than the rest of the income distribution in the last years of the 1990s, whereas the two poorest groups had fairly anaemic income growth, i.e., relative inequality increased, as would be expected based on the Gini coefficients in Figure 1 .
Turning to selected components of disposable income -wage, self-employment and property income -the average of which within each decile group is shown in the remaining panels of Figure 2 , suggests some differences to the series of Gini coefficients. The graph that stands out is that of property income in the richest decile group, shown in the lower right panel. The share of property income of disposable income increased for this group from around 12 percent in 1990 to more than 45 percent in 2000. These figures suggest that at least part of the story of increased inequality is related to property income.
Increases in inequality that are driven by property income can be due to many factors, including increased returns to capital and increased concentration of wealth holdings. The purpose of this paper is to explore the role that wealth has played in increasing economic inequality in Finland.
Rather than focus on only income and use, e.g., factor decompositions, or focus on the distribution of wealth, I attempt to study the bivariate distribution of income and (gross and net) wealth, using Source: Author's calculations from Income Distribution survey micro-data.
data from Wealth surveys from 1988 Wealth surveys from , 1994 Wealth surveys from and 1998 , gathered by Statistics Finland. While these surveys are irregularly and widely spaced, they do cover a period during which large changes in capital markets and overall economic conditions took place. Moreover, they cover the period during which income inequality increased substantially from historical lows to levels observed before the first oil crisis..
The paper is structured as follows. Section 2 briefly reviews earlier studies of the inequality of wealth and of income in Finland and contrasts these with studies in other countries. Section 3 describes the wealth surveys that I use for the analyses. The trends in the inequality of income and wealth are presented in in Section 4 and the model-based results are discussed in Section 5 Section 6 offers a few concluding comments.
Literature review
The increase in inequality in Finland in the latter half of the 1990s is well documented (in English) by, among others, Riihelä et al. (2002) , Riihelä et al. (2001) , Suoniemi (2000) . The overall trends in inequality as shown in these studies are in line with the trends shown in Figure 1 and 2 above.
Trends in the distribution of wealth have been studied less frequently, and most often in Finnish only.
Contributions include Tuomala and Vilmunen (1985) , Sinko (1991) and Virén (2002 ). Statistics Finland (2000 , which describes the 1998 wealth survey, shows Lorenz curves and Gini coefficients for both gross and net wealth across all three surveys. These suggest a considerable increase in the inequality of wealth across the years. Ilmanen and Keloharju (1999) and Karhunen and Keloharju (2001) examine patterns of share ownership in Finland, based on the stocks held in the Finnish Central Securities Depository (FCSD).
FCSD holds mostly publicly traded shares, which for the household population accounts for about 5 percent of gross wealth in 1998. The total market value at the end of the year of publicly traded companies increased from 19 billion euro (in 2001 prices) in 1987 to 37 billion in 1994 and 141 billion in 1998. However, the share of that financial wealth that was held by domestic individuals declined between 1987 and 1998 from 17 to 7 percent (Karhunen and Keloharju, 2001, p 193) . Thus, while the value of all shares increased by 281 percent from 1994 to 1998, assuming a 17 percent share in 1994 as well, the value of publicly traded shares held by private individuals increased by 57 percent. While this is a respectable increase in gross wealth during no more than 4 years, most of the increase in share values occurred among institutional and foreign investors.
The data in Karhunen and Keloharju (2001, p 210) suggest that between 1995 and 2000, the inequality of wealth in publicly traded shares among those holding share increased somewhat. The
Lorenz curves drawn for those two years do not cross and the Gini coefficient increased from 0.859 to 0.874. The point estimate based on the wealth survey for overall securities wealth among the whole population was 0.952 and 0.950 in 1994 and 1998, respectively (see Table 3 below). Karhunen and Keloharju (2001) provide the Gini coefficient for the whole population's holdings of publicly traded shares in June 2000, at which point they estimate a Gini coefficient of 0.983.
In conclusion, then, the evidence suggests that during the years covered by the wealth surveys, the inequality of wealth held by domestic individuals has increased as has the inequality of disposable income. This increase has not been as great as the changes in stock market indices might lead one to believe, because much of that increase has occurred among institutional and foreign shareholders.
Data
Statistics Finland has conducted (by and large) comparable wealth surveys in 1987/88, 1994 and 1998. 1 The first survey was conducted as a two-year panel. While the study of changes in wealth for the same household is interesting, this was a one-off event and as I am interested in changes across a longer time period, I discard the 1988 data in this study. The wealth data have been collected using face-to-face interviews with the sampled household member (but the interviews were about the household's rather than just the individual's wealth). The sample sizes and overall non-response rates are shown in Davies and Shorrocks (2000, p. 607) call "augmented wealth" is that pension wealth, other than that in instruments purchased in private pension insurance markets, is not included. As the bulk of future pensions consists of legislated and therefore compulsory pensions that, for private-sector employees, are paid by private pension insurance companies, a large fraction of those holdings that will generate future income are not accounted for. The reason that neither legislated public nor private work-related pensions are included in the concept of wealth is that they lack many of the other characteristics of financial assets -rights to future work-related pensions can not be sold or used as collateral, and can not be left as bequests. As a large fraction of the population has acquired some work-related pensions, inclusion of these might have a large impact on the distribution of wealth. A closer examination of this issue is on the agenda (but not included in this paper).
All monetary amounts are expressed in 1998 euros unless otherwise indicated, using the costof-living index to inflate earlier years to 1998 Finnish Markka and the Euro-Markka exchange rate (5.946 FIM/EUR). In income distribution research, it has at least since Danziger and Taussig (1979) been standard practice to examine the distribution of equivalent income distributed across persons.
It is not immediately clear what the most sensible practice for wealth is, but since an objective of this paper is to study the bivariate distribution of income and wealth, I do use an equivalence scale. Thus, I have equivalised all the economic resources (i.e., the wealth and the income variables) using a socalled Citro-Michael equivalence scale with parameters values that correspond to the OECD-scale ( National Research Council, 1995; Bradbury and Jäntti, 1999) . I have used the calibrated sampling weights, which I have adjusted to sum to population size (i.e., the original sample weights have been multiplied by household size). In the regression equations, in order to generate standard errors and diagnostic statistics that have sensible magnitudes, I have further modified the weights such that they sum to sample size.
The distribution of income and wealth
In this section, I examine the marginal distributions of disposable income, gross wealth, debts and net wealth. Table 2 shows some descriptive statistics for the main resources that I study, namely disposable income, gross wealth, debt and net wealth (gross wealth − debt). Average income increased across all three surveys, but gross and net wealth as well as debt decreased from 1987 to 1994 to increase again to 1998. Average net wealth increased between 1987 and 1998 from 34,538 euros to 41,362, driven by the increase in average gross wealth. Almost all households have at least some some assets -the proportion of those with zero wealth hovered around 1.5 percent in all three surveys. The proportion with zero debt, however, increased by 12.5 percentage points from 1987
to 1998, perhaps driven by the very high and volatile market interest rates (to which most new debt became tied after capital market liberalisation in the late 1980s).
The estimated Gini coefficients suggest that all four variables have become more dispersed over time. The pattern of disposable income inequality is familiar from Figure 1 . Its Gini coefficient increased by five percentage points, an increase of almost a quarter on the level in 1987. The Gini coefficients of gross wealth, debt and net wealth increased by similar magnitudes.
The estimated Lorenz curves for each variable are shown in Figure 3 and the differences between different data waves in Figure 4 . The Lorenz curves suggest that increases in relative inequality are most often unequivocal -the curves rarely cross. For income and gross wealth, the Lorenz curves for 1988 and 1994 lie very close to each other while that for 1998 is clearly below these, suggesting that the increase in dispersion occurs in the late 1990s. The distribution of debt, on the other hand, becomes more dispersed in 1994. The Lorenz curve of net wealth, the only variable considered here that can take values on the whole real line, is below zero to around one third of the population. The first three decile-group means of net wealth are negative in all three years. The inequality of net wealth in 1998 does not Lorenz dominate that in 1994. In this as in all other cases, however, the 1998 Lorenz curve is everywhere below that in 1987. Table 3 shows descriptive statistics for the main components of wealth and income in the different years. Average household earnings increased only a little after a substantial fall in 1994, while property income increased substantially, more than by a factor of three from 742 euros to 2532.
Transfer income increased by almost one half between 1987 and 1994, driven in part by the substantial increase in unemployment, and decreased only a little by 1998. Average taxes also increased over the years.
The U-shaped pattern in gross wealth is driven mainly by the housing and securities components of wealth. Securities declined between 1987 and 1994 and increased substantially in 1998. While the value of housing wealth did not decline between 1987 and 1994, it increased quite substantially between 1994 and 1998. The decline in debt is mostly due to a decrease in mortgages.
Recall from Table 2 and Figure 3 that the inequality of the main economic resources increased across the Wealth surveys. This is not uniformly true, or even mostly so, of their main components.
The Gini coefficients of the components are for the whole population rather than for those with positive amounts recorded. As the last three columns in Table 3 attest, the proportion of the population with zero resources often undergo large changes across the years. The somewhat erratic changes in the Gini coefficients of particular components may be a result of both changes in the distribution of Source: Author's calculations from Wealth survey micro-data. 1987−1994 1994−1998 Source: Author's calculations from Wealth survey micro-data. Next, I examine the distributions using non-parametric methods. In particular, I have estimated the density functions using local polynomial methods (Loader, 1999) with adaptive bandwidths.
Although pictures based on non-parametric density methods are informative, deriving such estimates is in this context not without its problems. Much care needs to be exercised in estimating the densities for a resource variable in different years so that the resulting estimates can be compared across time.
Non-parametric density estimates are by their nature suited for examining the properties of continuous variates, while a substantial fraction of the population have zero income, wealth and/or debt.
The lump at zero needs to be dealt with, as a large lump causes serious problems for density estimation. The data are also very highly skewed, with very sparse data in the right tail of the distribution.
This problem is even more pronounced for the distributions of wealth and debt than for that of in-
come. There are a number of ways to deal with this problem, including varying the bandwidth and transforming the data to be less widely dispersed (both of which I resort to), but as we shall see, this
remains an issue. In particular, while taking the natural logarithm of the level data deals with the sparseness of the data in the right tail, it creates a new problem of sparseness in the left tail. This issue is illustrated for the distribution of wealth in 1998 in the Appendix in Figure 10 .
The estimated densities for all four economic resources in the three waves of data are shown in Figure 5 and the differences in density estimates across consecutive waves of data are shown in Figure 6. The densities are estimated using local 3rd-degree polynomial approximations of the density using adaptive, k-nearest neighbour bandwidths, with the fraction k chosen using a combination of likelihood cross-validation and least-squares cross-validation methods (see Loader, 1999, ch 11). 3 The estimated densities are not very informative in themselves and make it hard to see the changes in inequality that they generate. The differences in estimated densities allow a closer view of the changes that have taken place. The changes in the distribution of wealth between 1987 to 1994 occurred as a small shift of mass from two regions just under 100,000 euro both to the left and to the right. The shift from 1994 to 1998 was dominated by a shift of mass to the right around 100,000
euros. The distribution of net wealth shifted in the same manner as gross wealth. The distribution of income also shifted to the right, but the range of income affected in the two periods was narrower 2 Note that I have estimated Gini coefficients without first censoring the distributions at zero, which for disposable income and, in particular, net wealth may lead to very large estimates which are not constrained to lie in the unit interval.
3 The algorithm uses a fraction k of the nearest neighbours at each evaluation point. While density estimation has successfully been used to analyse sources of changes in inequality, it is less practical to do so here. 4 The sample sizes are fairly small, so that interesting breakdowns, especially along several characteristics will yield very small sample sizes. This problem becomes worse, since I am in part interested in the bivariate distribution of income and wealth, where the sample size requirement is roughly squared. Therefore I resort to parametric models in what follows.
Regression models for income, wealth and debts
In this section, I consider parametric models of the distribution of income and wealth. I start by modelling the expected value of each marginal distribution and proceed to model income and gross wealth jointly. The models take the location parameter to be a linear function of age (7 interval indicators), gender, the numbers of adults, children an employed persons in the household, respectively, and an indicator for living in Helsinki. To model the (expectation of the) marginal distributions, I
estimate Gamma regressions -more correctly, Generalised Linear Models (GLM) with a Gamma distribution and a log link (McCullagh and Nelder, 1989) . Diagnostic checks suggest these models provide a more adequate fit to the data than does a standard (log-)linear regression model. While it should be possible to obtain better models for each year/resource (in the sense that they give a better fit to the data), these estimated Gamma regressions suffice for the descriptive purpose at hand. 5 Estimation results are shown in Tables 4-6.
The estimated regression coefficients exhibit few dramatic changes across time. For income, there is a tendency for the absolute values of the coefficients to increase over time, while this is true of neither wealth nor debt. Increases in the number of children, adults, or having a female reference person decreases income, wealth and debt while increasing the number of employed household members, unsurprisingly, increases the same (although having children is insignificantly related to debt). Living in Helsinki seems not to matter much. The dispersion parameter for both income and wealth increases quite substantially over time, as would be expected based on the descriptives above.
The estimated age profiles, shown in Figure 7 , do suggest that for income and wealth, the age I use the estimated GLMs to examine the role of changes in coefficients ("returns"), characteristics ("X's") and the residual dispersion in accounting for changes in inequality in income and wealth. The literature on trying to sort out which factors give rise to what part of inequality is large and growing. 6 I settle here for the following simple procedure based on the estimated Gamma regressions.
"Model-based" inequality is the inequality of predicted income, based on the regression model for the location parameter and the estimated dispersion parameter. 7 I estimate the inequality of model-based inequality by predicting for each case the value of the location parameter, based on the GLM estimates. I then use the predicted location parameter and the ML estimate of the dispersion parameter to draw, again for each case, a random number from the Gamma distribution. The Gini coefficient is calculated across all cases. To stabilize the estimates of model-based inequality, I
repeat this procedure 20 times and take as its estimate the average value of the Gini coefficient. 8
Consider first the distribution of income, for which the decomposition is shown in the upper panel of Table 7 . The point of departure is inequality in the base year, say t 1 , as measured by the Gini The numbers in the second row, for changes from 1994 to 1998, suggest that coefficients pushed 6 See e.g. Jenkins (1994) , Juhn et al. (1993) and for a recent overview, Shorrocks (1999) . 7 The estimates of the dispersion parameters that I use are not the regular GLM ones, which are considered to be nuisance parameters, but a maximum likelihood estimates of them (Venables and Ripley, 1999) . The MLEs tend to be a bit lower than the numbers reported in Tables 4-6. 8 This is a little like the multiple-imputation procedures that are recommended to be used when missing values occur in the data. There, different imputation rules are implemented, resulting in multiple versions of the data with different imputed values in place of the missing values. The parameter of interest is estimated as the average across parameter estimates for each single imputation round. inequality up and characteristics brought it in part back. This is true for 1987 to 1998 as well. In 1998, however, the regression model in 1998 does not "overshoot" inequality, as it does in 1994, but rather under-predicts it. Thus, based on this particular sequence of moving from the distribution in one year to the next, changes are driven in part by coefficients and in (larger) part by residual variation.
The lower panel of Table 7 , which repeats the above exercise for wealth, is less successful.
In particular, the fitted Gamma model seems to substantially overshoot inequality, rendering any assessment of the relative contributions of coefficients, characteristics and residual dispersion unconvincing. The reason that the Gamma model over-predicts inequality seems to be that there are a large number of households with very small amounts of wealth, something the Gamma distribution has trouble picking up. 9
To approach the issue of what has happened to the the joint distribution of income and wealth, I
show first the non-parametric estimates of the mean and variance of income, given wealth. Both the mean of income, conditional on wealth, displayed in the upper panel of Figure 8 , and the variance (about the conditional mean), shown in the lower, increase over time. The increase in the slope of the conditional mean function of income, given wealth, suggests that the correlation between the two has increased across time. In order to investigate whether this increase in the correlation is due to an increased joint systematic component or to increased residual correlation, given the characteristics, I
estimate a Generalised Estimating Equation (GEE) with a Gamma distribution and log link for gross wealth and income jointly in the three years (Zeger et al., 1988) . 10 The estimated coefficients, shown in Table 8 , are fairly close to the estimates of the univariate GLMs. This is unsurprising, as GEE basically is bivariate GLM that is robust with respect to the correlation of the multiple measurements. The estimate I would like to point out at this stage is the estimated residual correlation of income and wealth, shown near the bottom of the Table. While this parameter is treated by GEE as a nuisance parameter rather than one of substantive interest, the increase in its value from .35 to .42 suggests that the correlation of the unsystematic part of income and wealth did increase across the years. 11
The distributions (joint density and conditional mean curve) of the raw residuals from the GEE model for 1987 and 1994 are shown in Figure 9 . The broken lines, showing the distribution in 1998, suggest that the dispersion increased and the mean curve of income, given wealth, became steeper also for the residuals. The increase in the correlation can be driven by many things. It is not, however, simply an "increased returns to wealth" phenomenon. The correlation between property income and wealth, and between property income and security wealth, was higher in 1998 than in 1994, but was as high or higher in 1987. The nature of the increased residual correlation needs to be investigated further.
Concluding remarks
The analysis in this paper demonstrates that (1) the inequality of income has increased substantially in Finland from 1987 to 1998, (2) that this increase was accompanied by an increase in the inequality of wealth (gross and net) and that (3) these increases are only to a minor extent due to changes in observed population characteristics or the "returns" to those characteristics. The joint distribution of income and wealth is characterised by a substantial increase in the residual correlation and in the conditional variance of wealth, given income.
This paper has documented the trends in the inequality of income and wealth and investigated which dimensions inequality changed along. The results suggest that population structure does not Source: Author's calculations from Wealth survey micro-data. account for much of the changes and that the increases in the inequality of income and wealth seem to be, at least in part, two sides of the same phenomena (reflected in the increase in residual dependence). Why this is so can have many explanations, including a substantial increase in either (the inequality of) property income (i.e., returns to wealth) or in the holding of wealth that generates property income, or both. The estimated correlation coefficients between the wealth-related income components and wealth, however, have not increased between 1987 and 1998 and, while financial wealth has increased over time, it is still a fairly small part of overall household wealth. Thus, a simple story featuring the returns to property in the lead role is not sufficient to account for the observed changes in inequality.
The fact that at least part of the increase in income inequality is due to increases in property income does have some policy relevance. Income from financial assets is in Finland taxed at source at a flat rate. As the share of property income has increased dramatically at the top of the income distribution, this tends to bring down effective tax rates, reducing tax progressivity. Finland moved to taxing capital income only at source, rather than both the source and recipient level in 1994. If inequality reduction is a policy goal, then the shift away from the double taxation of property income by taxing it only at source may need to be reconsidered in light of the large changes in the inequality of income and wealth. Table 9 shows the income, wealth and debt components that are used in this paper. 
A Variables available in Wealth survey

B Density estimation
I illustrate here the difficulties in estimating the density of wealth. The estimated densities of the level and natural logarithm of wealth in 1998 are drawn in Figure 10 . The figures include the adaptive bandwidths (horizontal line segments), centred at evaluation points, and a "rug" which shows the data density along the horizontal axis. There are clearly problems in the tails, with very much wider bandwidths in the right tail in the levels case and in the right tail in the log case. The distribution of income, by contrast, is much easier to capture and is in log form much closer to symmetry. 
